Purpose We carried out this study to test the efficacy of the olecranon memory connector (OMC) in olecranon fractures. Methods We designed a prospective randomised controlled trial involving 40 cases of olecranon fractures. From May 2004 to December 2009, 40 patients with olecranon fractures were randomly assigned into two groups. Twenty patients were treated with OMC, while another 20 patients were fixed with locking plates in our hospital. The DASH score, MEP score, range of motion and radiographs were used to evaluate the postoperative elbow function and complications. Results For MEP score, OMC was better than the locking plate; for DASH score, complication rate, and range of elbow motion, the two methods presented no significant difference. Conclusion The study showed that OMC could be an effective alternative to treat olecranon fractures.
Introduction
Olecranon fractures are a common upper extremity injury, accounting for approximately 10 % [1, 2] of all fractures around the elbow. Various treatment methods for olecranon fractures can be employed to recover the elbow function and reconstruct the anatomical structure. During past decades, internal fixation for olecranon fractures has been greatly improved, including Kirschner wires, tension-band wiring, plate fixation and intramedullary screws and nailing systems [3] [4] [5] [6] . Kirschner wires and tension-band wiring are the common methods. However, in some cases with Kirschner wires [7] , the authors have described impaired forearm rotation with normal flexion and extension of the elbow due to the damage of the ulnar cortex or soft tissues. In addition, Kirschner wires perforating the anterior ulnar cortex may result in radioulnar synostosis [8] . Probably, the mechanism is the calcification of the haematoma produced by the soft tissue when Kirschner wires pass through the interosseus membrane and its surroundings [9, 10] . The most common complication of the tension-band wiring is pin protrusion leading to pain and skin irritation [11] . Furthermore, tension-banding wiring usually needs to be removed due to discomfort. Romero et al. [12] reported that 67.4 % of all patients demanded removal of the tensionband wiring.
Ni-Ti alloy is well known for its shape memory, wear resistance, corrosion resistance and biocompatibility. It was first approved for clinical application in 1990s by the FDA. As a major biomaterial innovation, it leads to significant improvement of clinical treatment. Before this study, we had designed Ni-Ti memory alloy swan-like bone connector to treat 156 patients with humeral shaft nonunion, in which the recovery rate was 98.7 % [13] . For olecranon fractures, the olecranon memory connector(OMC) was designed based on the anatomical structure of the olecranon and has been studied for its efficacy in the treatment of olecranon fractures.
Patients and methods
A prospective randomised controlled trial was designed to compare the therapeutic effects of OMC and locking plates. This study was authorised by the hospital ethics committee. The patients included all signed informed consent documents in the presence of a third party.
A total of 40 patients were enrolled in the study according to the inclusion and exclusion criteria ( (Table 2) . Patients in the first group were treated with OMC while the second group received locking plate fixation, which was regarded as the control group. All reviewers were blinded to evaluate the postoperative function by means of a randomised block design.
The follow-up took eight years from January 2004 to January 2012. The average length of follow up was 3.2 years (range two to five years) with no loss of follow-up. In the OMC group, 12 (60 %) were men with an average age of 50.6 years (range, 31-77) and eight were women with an average age of 48.9 (range, 21-64). Of the 20 cases, ten (50 %) were the left olecranon and the rest were right olecranon. In the locking plate group, ten (50 %) were men with a mean age of 49 years (range, 28-64), and ten (50 %) were women with a mean age of 48.8 years (range, 37-60). Of the 20 cases, 11 (55 %) injured the right olecranon and nine (45 %) the left olecranon. The main cause of the fractures in both groups was a fall. In the OMC group, 11 (55 %) were due to a fall, six (30 %) were due to traffic accidents, two (10 %) resulted from falling objects and one (5 %) was attributable to sports injury. Fractures included ten (50 %) IIA type, four (20 %) IIB type, four (20 %) IIIA type and two (10 %) IIIB type. In the locking plate group, 12 (60 %) fractures were due to a fall, seven (35 %) resulted from traffic accidents and one (5 %) was attributable to sports injury. Fractures included nine (45 %) IIA type, six (30 %) IIB type, four (20 %) IIIA type and one (5 %) IIIB type. All of the patients were operated upon and given antibiotics after surgery (Table 2 ).
Structure and working principles of the OMC The OMC was designed on the basis of the anatomical structure of the olecranon and manufactured from 1.8-2.5 mm thick Ni-Ti shape memory alloy plate (Ni 50-53 %). The OMC is composed of a intramedullary fixing lock, a base arc and two compression fixing arms (Fig. 1) . Depending on material properties, the memory direction of OMC is set as a one way memory in order to obtain the largest memory kinetic energy. The transition temperature is set between 28°C and 33°C, so that memory kinetic energy and elastic force are produced in during transition from plastic deformation phase in low temperature (martensite phase) to previous shape in high temperature (austenite phase), which can continuously provide lateral compressive force. The mechanical features are as follows: density: 6.5 g/cm 3 , tension intensity: 1,000-1,300 MPa, fatigue intensity: 550 MPa. Biomechanical evaluation using a strain gauge patch method on a cadaveric ulna showed that the active pressure was 7.49 kg.
The OMC was cooled with ice for two to four minutes before implantation. A hole was drilled at the tip of olecranon, where the intramedullary fixing lock was inserted parallel to the ulnar. Then two holes were drilled at the ulnar diaphysis with a hole on each side, consistent with the head hook of the compression fixing arm. The OMC was fixed to the olecranon automatically with warm water after inserting the head hooks into the ulnar diaphysis.
Surgical procedure for the locking plate A dorsal incision was made over the olecranon. The ulnar nerve was protected and various fracture fragments were carefully examined. The fracture reduction was achieved by hinging the proximal olecranon fragment on its triceps attachment and scar tissues and necrotic bone debris were cleared. A clamp was placed around the tip of the olecranon and the Kirschner wire was used to temporarily maintain the reduction. After reduction, a locking plate was used to fit the tip of the olecranon. Drills were screwed onto the plate to help fixing. Then screws were used to achieve a stable mechanical structure. After fixation, the elbow was gently moved to make sure that the locking plate was firmly fixed to the olecranon. For OMC, a posterolateral approach was adopted. To avoid the ulnar nerve located at the medial of the ulna, the incision was at its lateral side. The ulnar nerve was exposed during surgery. After clearance of the scar tissues and the necrotic bone debris, the articular cavity was cleared and the olecranon was repositioned using Kirschner wires. Then the base arc and compression fixing arms were prepared with ice. The placement of the intramedullary fixing lock is described above. With the base arc and compression fixing arms parallel to the ulna, the fixing tips of the base arc were embedded into the olecranon. Head hooks were inserted into the ulnar diaphysis into the previously holes (Fig. 2) . After the OMC warming to cause recovery of the preset shape, fixing conditions were examined by moving the elbow.
Clinical outcome evaluation
Patients were immobilised after the surgery and rehabilitation of gentle elbow flexion and extension started two weeks postoperatively. At two weeks and one, two, three, six, 12 and 24 months after OMC implantation, radiographs of the elbow were taken to examine healing and the disability of the arm, shoulder, and hand (DASH) score and the Mayo elbow performance (MEO) score were used to evaluate the elbow joint The OMC was cooled with ice for extension of compression fixing arms. b A hole was drilled at the tip of olecranon. c Intramedullary fixing lock was inserted through the hole parallel to the long axis of the ulna and compression fixing arms were molded to the olecranon. d Head hooks were inserted into the ulnar diaphysis through holes whose positions were in consistent with those of head hooks. e The OMC was warmed to cause shape memory effect function. For MEP, the score is considered excellent at over 90 points, good between 75 and 89, fair between 60 and 74 and poor less than 60 points. A higher score indicates more severe disability for DASH score. Student's t test was applied to compare the two groups with p<0.05 regarded as statistically significant. All clinical assessment in this research was accomplished by independent observers. The results were interpreted independently by two authors(Xiao Chen and Liehu Cao).
Statistical analysis
The statistical analysis was performed with SPSS 12.0 (SPSS Inc., Chicago, IL, USA). For the treatment result, differences between the two groups were compared by t test or chi-square test. Data were presented as mean ± SD. In all cases, a p value of 0.05 was assumed to denote statistical significance.
Results
Of the patients in the OMC group, 17 (85 %) were very satisfied with outcomes and three (15 %) were satisfied with outcomes. In the locking plate group, 17 (85 %) were quite satisfied with outcomes, two (10 %) were satisfied with outcomes and one (5 %) was dissatisfied with the outcome, having suffered from superficial infection after the surgery and pain during rehabilitation. The mean follow-up of the OMC group was 36.6 months (range, 24-53 months) and that of the locking plate group was 36.7 months (range, 25-56 months). During the follow-up, no infection, nonunion, avascular necrosis or any complications related to the implant occurred in the OMC group while only one patient developed superficial infection in the locking plate group. DASH score and MEP score were used to evaluate functional recovery of the elbow. In the OMC group, the mean DASH score was 3.3 and it was 4.0 in the locking plate group (p=0.38). For MEP score, in the OMC group, ten patients (50 %) had an excellent outcome, seven (35 %) had a good outcome and three (15 %) had a fair outcome. Of the patients in the locking plate group, five (25 %) had an excellent outcome, ten (50 %) had a good outcome, four (20 %) had a fair outcome and one (5 %) had a poor outcome. The mean MEP score of the OMC group and the locking plate group were 86.6 and 79.8 points, respectively (p<0.05). (Table 3) In the OMC group, the average flexion range was 137.7± 4.2°and the mean range of extension was 3.5±1.8°. The average rotation range was 165.0±5.0°with a mean pronation range of 82.6±2.6°and a mean supination range of 82.4± 2.4°. In the locking plate group, the average range of flexion was 136.6±5.1°and the mean range of extension was 2.9± 1.9°. The average rotation of was 163.4±7.3°with a mean pronation range of 81.5±3.8°and a mean supination range of 81.9±3.5°. No significant differences were found in the range of motion after comparing the two groups. (Table 4) Typical case A 34-year-old man sustained olecranon fractures (type IIA) in the left upper limb due to falling. The patient underwent an operation with OMC implantation two days after admission. The radiographs taken 12 months later revealed fractures healing well and no abnormal ossification emerging at the olecranon. The patient was followed up for 30 months with satisfactory rehabilitation of function of the elbow joint. The DASH and MEP score was 1 and 100 respectively. The range of flexion and extension was 143°and 6°respectively (Fig. 3) .
Discussion
In this study, we compared two different treatment methods for olecranon fracture and demonstrated that OMC was better than the locking plate as for MEP score and these two treatments presented no significant difference with Data presented as mean values ± SD. No statistically significant between-group differences respect to DASH score, complication rate and range of elbow motion. It can be concluded that OMC could be an effective alternative to treat olecranon fractures in clinical practice which is worth publishing. The most common operative method for treating Mayo type II and type III olecranon fractures is open reduction and internal fixation (ORIF). Of all metallic implants, the most frequently used are Kirschner wires, tension band-wiring, intramedullary screws and nailing systems and plate fixing. Tension-banding wiring as first described by Weber and Vasey in 1963 was used along with Kirschner wires or alone in certain conditions [14] . Villaneuva et al. [15] reviewed 37 patients with olecranon fractures treated with tension-banding wiring. 89 % of patients had no pain or mild pain 4-years postoperatively and 86 had good or excellent MEP scores with average motion range of 124°. When correctly performed, tension band wiring allows less soft-tissue stripping, does not result in synostosis (unless the k-wires are inadequately placed), allows immediate postoperative gentle motion, and is cost effective. Nevertheless, the most obvious disadvantage is high removal rate due to discomfort. Larsen et al. [16] reported that the removal rate was 70 % in treatment with tension-band wiring and a modification of the Netz pin. Several studies [17] have reported that Kirschner wires caused the most common complications of tension-band wiring. The position of placement of Kirschner wires is still controversial. Intramedullary Kirschner wires may cause pain and pressure on soft tissues and skin irritation [18] . When Kirschner wires penetrate the anterior cortex, they require approximately twice the force of intramedullary K-wires to "pull out" [19] . However, some studies have shown that restriction of forearm rotation might result from Kirschner wires penetrating the anterior cortex due to impingement of the radial neck, the supinator or the biceps insertion [7] . In addition, the median nerve and ulnar artery were the most vulnerable structures to Kirschner wires penetration according to Prayson et al. [19] . The beneficial effects of surgery are compromised in up to 10 % of cases, due to postoperative complications associated with tension band wiring, such as infection, nonunion, malunion and ulnar nerve palsy [12, 20] .
Intramedullary screws and nailing systems are another method with quite good outcomes [21] . Some biomechanical studies have demonstrated that there is significant variability regarding fixing length of intramedullary screws [22] and an analysis indicated that intramedullary screw was inferior to AO tension band, screw and wire [6] . Anderson et al. [23] . tried using plate fixation using a precontoured locking plate. He concluded that it was a safe option permitting early movement.
Locking plate is also a popular treatment method for comminuted olecranon fractures. More unstable fractures that are comminuted or extend distally from the centre of the trochlear notch require more rigid fixation. And locking plate is a popular treatment for comminuted olecranon fractures [24] . Locking plates possess the advantages of superior fixation and studies have shown that the locking plate fixation has excellent outcomes [18, 25] . Buijze et al. [26] reported that in the treatment of comminuted olecranon fractures, a contoured locking compression plate combined with an intramedullary screw could provide sufficient stability for early postoperative functional rehabilitation, with an excellent fracture union rate and very good clinical outcomes. However, irritation has been a common complication that often requires a secondary procedure for removal, with rates ranging between 20 % and 100 % [18, 25] .
Ni-Ti shape memory alloy possesses excellent properties of wear and corrosion resistance and good biocompatibility. Su et al. [13] designed a swan-like memory pressure connector in treating humeral shaft nonunion, in which the recovery rate was 98.7 % demonstrating good efficacy. With gradual advancement of shape memory alloy, it is playing a prominent The patient was treated with the OMC and radiographs were taken twelve months after implantation. No abnormal ossification was noted. c The olecranon fracture healed well after removal of the OMC. d The elbow function was excellent part in treating injury or trauma [27] . Compression of traditional internal fixing is sometimes discontinuous, passive and static. When absorption of fracture lines occurs, compression will disappear, which will easily result in nonunion [28] . Due to Ni-Ti shape memory alloy, the OMC possesses the following advantages: (1) Kirschner wires, tension-band wiring, plate or intramedullary screws will occupy more space at the olecranon. However, due to thin skin and limited space at the olecranon, these implants may lead to skin irritation, whereas the OMC occupies less space after implantation, thus hardly causing skin irritation. (2) Given less occupied space, it should not cause pain, which will decrease the removal rate. (3) The surgical procedure is quite simple. Only two towel forceps for stabilisation and an electric drill are needed. (4) Pressure which derives from compression fixing arms of the OMC is continuous, active and dynamic. As a result, it is beneficial for fracture healing. (5) The OMC is manufactured with Ni-Ti shape memory alloy. So it molds well to the olecranon after it is cathed with warm water. (6) Implantation of the OMC is quite convenient because it itself can produce sufficient force to stabilise the fracture without any further management after implantation. Removal is also easy. (7) The Ni-Ti shape memory alloy is biologically friendly [29] .
In general, the advantages can be concluded as a simple procedure, stable fixation, continuous pressure, allowing early movement and training, less complications and easy removal. The prominent disadvantage is significant soft tissue dissection which did not have significant influence on postoperative recovery as shown in the results. Based on our experience, the indications include olecranon transverse fracture, comminuted olecranon fracture, open olecranon fracture and olecranon non-union. The contraindication is severe comminuted proximal olecranon fracture too difficult to stabilise. No obvious complications were found in clinical practice.
This prospective randomised controlled trial showed that the OMC has the same treatment efficacy as the locking plate. There was no significant difference in the DASH score and elbow function evaluation. And for MEP score, OMC was superior to locking plate.
In conclusion, our study showed that the recovery with the OMC is very satisfactory with no complications. Hence, the efficacy of the OMC has been proved by good clinical outcomes and the study indicates that the OMC is an alternative and effective treatment for olecranon fractures other than Kirschner wires, tension-band wiring and locking plates.
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